Introduction
The hydrographic properties of the warm and salty Mediterranean Water that spreads into the open North Atlantic have been extensively studied during the past century. Earlier efforts to establish the circulation and governing dynamics of the Mediterranean outflow have generally been limited to the use of local, synoptic hydrographic data [Baringer, 1993 ; Baringer and Price, 1997; Ochoa and Bray, 1991; Zenk, 1975; Zenk and Armi, 1990] . While these studies, and others discussed in detail in part 1 of this paper, have done much to decipher the local dynamics and pathway of Mediterranean Water, direct evidence for the long-term fate of these outflow waters is still lacking. Two unsettled questions concerning the fate of the al. [1993] found a westward flow of O (1 cm s -•) below the thermocline in a narrow range of latitudes between 25 ø and 32øN, well to the south of the Mediterranean tongue axis.
Our model differs from past diagnostic models of Mediterranean outflow in that it takes into account the eastern boundaries, it includes the Strait of Gibraltar outflow, and it uses a recent high-resolution climatological database [Lozier et al., 1995] . Additionally, our model solution is approached in steps in order to examine the effect of each model equation and constraint on the final flow field. Our approach is purposely simplistic in that we seek to obtain a climatological flow field that to first order, is geostrophic and conserves mass. The system of equations in our model leads to an overdetermined system that is solved with a least squares fit. Climatological properties, such as salinity, temperature, and pressure, and derived properties, such as dynamic height and specific volume anomaly, are used as model input along with the specification of the outflow at the Strait of Gibraltar. Model output consists of high-resolution stream function fields on selected isopycnal surfaces for the region offshore of the European and African coasts. In the following sections the climatological database and the Strait of Gibraltar flow specification are discussed (sections 2.1 and 2.2, respectively). In section 2.3 the governing equations are formulated, and an overview of the solution method is presented in section 2.4. vergence of the salinity flux field is examined in an attempt to understand the distribution of salinity in the North Atlantic basin. Finally, a summary is given in section 6.
2.
Database and Methods
Hydrographic Database
The climatological mean hydrographic properties of the North Atlantic estimated by Lozier et al. [1995] are used for the calculations in this study. These means were constructed from 87 years ) of hydrographic station data archived at the National Oceanic Data Center (NODC). For the purpose of this study we have selected data within the domain encompassing the eastern North Atlantic basin between 25 ø and 60øN and 0 ø and 40øW. The reader is referred to part 1 of this study [Iorga and Lozier, this issue] for a discussion of the spatial and temporal distribution of the 26,533 stations covering this domain. In the preparation of the climatological means, hydrographic properties from historical station data were projected onto an isopycnal surface and then spatially averaged and smoothed on that surface, with the smoothing scale set by the local data density. For our study we projected properties onto two isopycnal surfaces, cro. s = 29.70 (at ---800 m) and cro. s = 29.90 (at --• 1000 m), chosen as representative of the upper and lower cores of the Mediterranean outflow, respectively. Absolute flow fields are estimated for these two surfaces. Table 1 lists the potential density values corresponding to these isopycnal surfaces (and also to another one, cro. s = 29.50, used in this study) but referred to other reference pressures (0 and 1000 dbar). In the eastern North Atlantic a nominal resolution of 0.5 ø was achieved for the mean property fields on each of these isopycnals. Further details on the quality control and processing of the data are given by Lozier et al. [1995] , while a detailed description of the salinity fields and depths associated with these isopycnals is given by Iorga 
, where p is the density, !7 is the acceleration due to gravity, f is the Coriolis parameter, and P is the pressure. To describe the flow field expressed in (3)-(5), a modification of the Montgomery stream function termed pressure anomaly stream function, ß [Zhang and Hogg, 1992] , is defined for the laterally nondivergent quantity fUh;
where ß is defined as p q, = e'aa ae,
where 8 is the specific volume anomaly and P' is given by P -P, where P is the mean pressure on the isopycnal surface. In order to understand the impact of using two reference levels we have initially used the levels separately, reserving the use of both levels for our final model solution, as explained later. Finally, we note that we tested the efficacy of our tworeference-level model by (1) using both levels to solve for the stream function field on the cro. s = 29.70 and cro. s -29.90 surfaces and then (2) using this model output in (8) 
Vh Uh + crz •cr where uh = (u, v) represents the 2-D horizontal velocity for an incompressible fluid on an isopycnal and w is the crossisopycnal velocity. In general, the second term in (9) is several orders of magnitude smaller than the first term; therefore we neglect it in our model for purposes of simplification. In (9), u is replaced by the stream function (equation (6) 
where Ay is the grid increment and Uo is the zonal velocity at the Strait of Gibraltar, as described in section 2.2.
Solution Method
The dynamic equation (8) variance for all equations. For an overdetermined system, only row scaling is effective [Zhang, 1991] . Theoretically, if equation errors are correlated, the scaling factor should be set by error variance. Practically, without any prior knowledge of correlation, it is usually assumed that the equation errors are not correlated. In this case the scaling factors are chosen such that the residuals for all equations have the same noise level [Zhang, 1991] .
The equations are additionally weighted to allow for model solutions that give priority to one or more equations or constraints. With the weighting of the dynamic and mass conservation equations at unity the boundary conditions were assigned a weighting factor of 102 to satisfy the no-flux constraints at an accuracy of 10 -6 . The specified velocity at the Strait of Gibraltar required a weighting factor of 10 3 to assure the same noise level. Additionally, preliminary model runs showed the necessity of downweighting by a factor of 10 the dynamic equation east of 7ø30'W because it is here that the geostrophic assumption is the weakest [Ochoa and Bray, 1991] .
A solver for a linearly quadratic system of equations [Paige and Saunders, 1982] was used to minimize the residuals in (13) while preserving the equality constraints set by the boundary conditions. This solver is particularly suited for large, sparse matrices, such as matrix A in ( 3a and 3b) . First, the specification of the outflow at the Strait of Gibraltar, in conjunction with the mass conservation equation, produces a poleward current west of the Iberian Peninsula that is stronger in Figure 4a 
Model Evaluation
Errors in our solution stem from both an imperfect fit to our set of governing equations and uncertainty in the climatological properties. We will address both of these error sources in this section, referring to the former contribution as model error and the latter as data error. Error that arises because of imperfect physics in our set of governing equations could be assessed through a model/data comparison, yet a quantitative comparison is thwarted by the lack of the observed velocity field over the domain. As presented in section 3, we have relied on a qualitative "match" to observed features over the model domain to assess the adequacy of the chosen model physics. The next step in the evolution of this model is to add salt, heat, and potential vorticity conservation equations as model constraints. Changes in the model solution and an evaluation of model error will indicate the improvement in model physics made by such an addition.
Model Error
As mentioned earlier, the solution to this overdetermined system is found by minimizing the residuals in (13). As such, the model error is represented by the sum of the square of the residuals. In order to assess the spatial pattern of the error fields we have chosen to map the residuals themselves. The magnitude of the residuals is compared to the magnitude of the terms in the model equations in order to assess the adequacy of the solution. Our choice to weight heavily the boundary conditions, namely, the no-normal flow boundary condition and the Strait of Gibraltar velocity specification, leads to a flow field where geostrophy and mass conservation are not strictly met. In this section we evaluate the degree to which the estimated flow 
where the first term on the right-hand side represents the salinity flux divergence due to a horizontally divergent flow field and the second term represents salinity flux divergence due to flow across isohalines. We have examined each of these components as part of our analysis. The overall pattern of the salinity flux divergence fields (Figures 10a and 10b) generally matches the pattern set by the horizontally divergent mass field (Figures 8a and 8b 
